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© An artificial leg. 

© An artificial leg includes a knee mechanism hav- 
ing means for restricting knee flexing movement 
during the stance phase of the walking cycle. The 
restricting means includes a piston (30) and cylinder 
assembly (28) so coupled In the mechanism that the 
piston Is movable in the cylinder with knee flexion 
and extension. The knee mechanism includes two 
chassis parts (10A.10B) arranged to move relatively 
to each other when an axial load Is applied to the 
limb. One end of the piston and cylinder assembly fs 
connected to one of the chassis parts (10B) while 
the Dther chassis part (10A) engages a control mem- 
ber (38) coupled to a valve (40) insido the piston and 
cylinder assembly so that the valve is operated in 
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response to relative load-dependent movements of 
the chassis parts in order to restrict the flow of fluid 
and thereby create resistance to knee flexion during 
the stance phase. The chassis parts are connected 
together by an anterior pivot joint (16) and are resih 
iently moveable relative to each other according to 
applied load. The piston and cylinder assembly is 
also operable to resist movement during the swing 
phase of the walking cycle, and the interaction of the 
knee chassis parts with the control member Is ar- 
ranged so that movement of the member is reduced 
or does not occur at ail for flexion angles greater 
than a predetermined value between 30* and 40" . 
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This invention relates to an artificial leg Includ- 
ing a knBB mechanism having means for restricting 
knee flexion during the stance phase of the walking 
cycle- 
it has teen well known for a long period of 
time that one of the important attributes of an 
artificial leg for achieving a natural-looking walking 
gait is a so called stabilised knee, i.e. a knee which 
resists flexion when under load, that is when it is 
bearing at least some of the weight of the amputee. 
Purely mechanical devices have been produced 
such as one including a drum supported on radius 
arms and encircled by a friction brake band as 
disclosed in British Patent No. 7790B7, and one 
including a drum with an internal brake shoe coup- 
led to a radius arm and a toggle link as shown in 
British Patent No. 15341S1. in both of these de- 
vices an axial load on the limb produces a small 
rotation of the radius arm or aims causing the 
brake band or brake shoe to grip the drum and to 
resist knee flexion. Indeed, the resistance may be 
such that the knee is automatically locked if suffi- 
cient load is applied. Often such devices are com- 
bined with a pneumatic piston and cylinder assem- 
bly which applied lower degrees of resistance to 
flexion and/or extension of the knee to control the 
motion of the shin during the swing phase. 

R is also known to provide resistance to flexion 
during the stance phase as well as the swing phase 
by means of a piston and cylinder assembly. One 
example of such an arrangement Is the hydraulic 
w S-N-S rt knee control system manufactured by 
Mauch Laboratories, inc. In some situations, how- 
ever, this system requires the amputee to make a 
conscious knee-Bxtending movement before flexion 
can be initiated. 

According to one aspect of this invention there 
is provided an artificial leg which has an upper log 
component; a lower leg component knee pivoting 
means pivotally coupling the lower leg component 
to the upper leg component to permit knee flexion 
and extension movements: an hydraulic piston and 
cylinder assembly coupled between the upper and 
lower leg components to resist at least the flexion 
movement during the stance phase; and automatic 
control means for altering the degree to which the 
piston and cylinder assembly resist the flexion 
movement; wherein one of {he leg components 
includes at least two portions, one of which is 
coupled to the other leg component by the knee 
pivoting means and is movable relative to the other 
of the two portions In response to application of an 
axial load to the one leg component; and wherein 
the control means are responsive to the relative 
movement of the leg component portions to in- 
crease the resistance of the piston and cylinder 
assembly to the flexion movement when the knee 
flexion angle is within a first knee flexion angle 



range, but are unresponsive or responsive to a 
lessor degree when the knee flexion angle is within 
a second knee flexion angle range which is above 
the first angle range. In this way t knee stability can 

5 be obtained with an hydraulic device, to the extent 
of an hydraulic lock if required, automatically when 
the patient applies weight during the stance phase- 
No conscious knee-extending movement needs to 
be made when resistance to flexion Is to be re- 

ia moved, and stance control is available during the 
initial part of the flexion range when ft is needed. 
Preferably little or no increase in resistance to knee 
flexion occurs when the kneB flexion angle is within 
the second knee flexion angle range. 

is in the preferred embodiment of the invention 
the one leg component portion is a knee chassis 
part movably mounted at the distal end of the 
upper leg component specifically a stump socket, 
this chassis part housing a bearing for the lower 

20 leg component specifically the shin, the bearing 
defining a knee axis of rotation which extends 
transversely of thB log. Preferably, the one leg 
component portion is hinged or pivotally connected 
to the other portion of the upper leg component in 

ss an overlapping arrangement with the knee axis 
spaced from the pivotal connection. By arranging 
for a resilient element such as an elastic buffer or 
spring to be compressed when the two portions 
move with respect to each other in response to 

so application of an axial load, and by locating the 
pivotable connection so as to be spaced from the 
knee axis In a direction generally perpendicularly 
wilh respect to the longitudinal axis of the leg, the 
upper Ibq component portions can be made to 

as pivot with respect to each other as a function of the 
load applied to the leg. 

Preferably, the piston and cylinder assembly 
has two ends each pivotally connected to a respec- 
tive one of the leg components, that end of the 

ao assembly which is connected to the one leg com- 
ponent being pivotally connected to one of the two 
leg component portions. In this case, the control 
mechanism may include (i) a control member 
which forms part of the piston and cylinder assem- 

48 bly and which is arranged to engage the other of 
the two teg component portions, and (H) a cam 
associated with the other of the two log component 
portions and shaped to reduce or eliminate toad- 
dependent resistance to flexion when the knee 

so flexion angle Is in the second knee flexion angle 
range. 

In the preferred embodiment, the assembly has 
an upper pivot on one of the upper leg component 
portions at a position behind the knee axis and a 
55 lower pivot on the shin some distance below the 
knee axis. If the other upper leg component portion 
extends to a point adjacent the upper pivot, hs 
movement relative to the pivot with changing load 
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conditions in the leg may be transmitted by the 
control means via a control member to a valve 
which restricts fluid flow in the piston and cylinder 
assembly, In particular, in the case of the piston 
and cylinder assembly having a piston rod con- 
nected to the upper pivot, the control member may 
be connected to a second rod running parallel to 
the piston rod t either Inside It or beside It, directly 
to the valve. The above-mentioned cam on the leg 
component portion which moves relative to the 
upper pivot Is engaged by the control member so 
that actuation of the tetter is confined to the first 
knee flexion angle range. The teg component por- 
tions may be constructed so as to include knee 
chassis parts which move relative to each other on 
application of the axial load. 

In an advantageous embodiment Of the inven- 
tion, the piston and cylinder assembly also serves 
to resist flexion and extension of the knee during 
the swing phase of the walking cycle. The likeli- 
hood of actuation of the control means (comprising 
the control member and its co-operating mem- 
bers) during the swing phase due to the resistance 
to swing phase flexion being sufficient to overcome 
the biasing force of the above-mentioned resilient 
element is avoided or reduced by the fact that the 
control means Is largely unresponsive within the 
second knee flexion angle range. This second an- 
gle range typically has a lower limit corresponding 
to a predetermined angle between 30* and 40*. 
the cam referred to above being shaped accord- 
ingly. 

The inclusion of means for resisting swing 
phase flexion can. in some circumstances, affect 
the removal of flexion resistance in the stance 
phase, just before toe-off. In order to avoid this 
difficulty the piston and cylinder assembly may be 
so constructed that the resistance to flexion pro* 
vided by the assembly independently of the ac- 
tuation of the control means for stance control 
occurs only during part of the swing phase, e.g. 
only when the knee flexion angle is in the second 
knee flexion angle range, or when the flexion angle 
is more than a predetermined angle between 30* 
and 40'. Tills can be achieved by providing one or 
more transfer passages in the piston and cylinder 
assembly which are shut off when the flexion angle 
is greater the predetermined angle. 

The Invention also Includes, according to an-, 
other aspect thereof, a knee mechanism for 
rotatably connecting a shin component of an artifi- 
cial leg to a thigh component of the leg. wherein 
the mechanism comprises: a first part for connec- 
tion to one of the components; a second part 
movable relative to the first part In response to the 
application of an load to the one component, the 
load being directed axially of the component; knee 
pivoting means for pivotal (y coupling the second 



part to the other of the components; an hydraulic 
piston and cylinder assembly coupled to one of the 
said parts and arranged to be coupled to the said 
other component for resisting flexion movement of 

5 the said one component relative to the said other 
component during the stance phase; and automatic 
control means for altering the degree to which the 
piston and cylinder assembly resists the flexion 
movement; wherein the control means are respon- 

io siva to the relative movement of the first and sec- 
ond parts of the mechanism to increase the resis- 
tance of the piston and cylinder assembly to the 
flexion movement when the knee flexion angle of 
the one component with respect to the other com- 

75 ponent is within a first knee flexion angle range, but 
are comparatively unresponsive when the knee 
flexion angle is within a second knee flexion angle 
range which is above the first angle range. 

According to yet a further aspect of the inven- 

?o tion, an artificial leg comprises an upper leg com- 
ponent; a lower leg component knee pivoting 
means pivotally coupling the lower leg component 
to the upper leg component to permit knee flexion 
and extension movements; an hydraulic piston and 

25 cylinder assembly coupled between the upper and 
lower leg components to resist at least the flexion 
movement during the stance phase; and automatic 
control means for altering the degree to which the 
piston and cylinder assembly resists the flexion 

30 movement, wherein one of the leg components 
includes at least two portions, one of which is 
coupled to the other of the leg components by the 
knee pivoting means and is movable relative to the 
other of the two portions in response to the ap- 

35 plication of an axial bad to the one leg component; 
wherein the piston and cylinder assembly has two 
ends each pivotally connected to a respective one 
of the leg components, and wherein that end of the 
assembly which is connected to the one leg com- 

40 ponent is pivotally connected to the one leg com- 
ponent portion; and wherein the control means are 
responsive to the load-responsive relative move- 
ment of the two lag component portions to increase 
the resistance of the piston and cylinder assembly 

4G to the flexion movement. 

In the preferred embodiment the one leg com- 
ponent portion is pivotally attached to the other leg 
component portion by means of an anterior pivotal 
connection, and one end of the piston and cylinder 

so assembly is pivotally attached to the one leg com- 
ponent portion at a posterior pivotal connection. As 
a result, the control means tends not to actuate 
stance control resistance when a force line repre- 
sentative of ground reaction at the foot passes 

65 sufficiently far forward at the level of the knee that 
the moment tending to actuate the control means is 
then insufficient to overcome spring bias biasing 
the knee joint carrier away from the actuating posh 
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tion. This situation occurs towards the end of the 

stance phase. 

The invention will now be described below by 

way of example with reference to the drawings. 
Figure 1 is a partly sectioned side elevation of 
part of an artificial leg jn accordance with the 
invention; 

Figure 2 is a rear elevation of part of a knee 
mechanism shown in Figure 1; 
Figure 3 is side elevation of an upper chassis 
part of the mechanism; 

Figure 4 is an underside view of the upper 
chassis part section on the line A-A in Figure 3; 
Figure 5 is a partly sectioned side view of a 
lower chassis part of the knee mechanism; 
Figure 6 is an underside view of the lower 
chassis part sectioned on the line B-B in Figure 
5; 

Figure 7 is a detail of a piston rod end; 
Figure 8 is a diagram depicting different phases 
of resistance to knee flexion and extension 
movements; 

Figure 9 is a side elevation of the knee mecha- 
nism shown in Figure 1, the mechanism being in 
a loaded condition* 
Referring to Figures 1 to 7, an artificial leg in 
accordance with the invention has a knee mecha- 
nism with a knee chassis 10 having an upper part 
10A for connection to an thigh component 1 2 and a 
lower part 10B for connection to a shin 14, which 
are plvotaliy connected to each other by a trans- 
verse front pivot pin 16 housed in two ears 1QAE of 
the upper part 10A and passing through a bore in a 
front end portion 10BF of the lower part 10B. The 
lower chassis part 10B extends rearwardly from the 
front pivot pin 16 to a rear portion 10BR which 
carries a stack of disc springs 1 a on an upright 
stud 20. This stud 20 has an upper end 20 A 
(Figure 5) which projects beyond the spring stack 
18 and is received in a bore 22 (Figure 4) in the 
upper chassis part 10A. Rearwardly of the spring 
stack 16. the lower chassis part rear portion Is 
divided into two lugs 10BL each bored to accept a 
rear pivot pin 24. Adjacent the inner faces of the 
lugs 10BL are two cam plates 10AC depending 
from the upper chassis part 10A which is contig- 
uous and overlapping with respect to the lower 
chassis part 10B. It will be seen that the lower 
chassis part 10B is free to pivot on the front pivot 
pin 16 subject to the resistance provided by the 
spring stack 18 bearing against the underside of 
the upper chassis part, with the lugs 10BL moving 
up or down relative to the cam plates 10 AC. An 
aperture 10AA (Figure 3) is cut in each cam plate 
10AC to allow sufficient clearance around the rear 
pivot pin 24 for such movement A front nose 
portion 10BN of the lower chassis part 10B extends 
forward ly of the front pivot pin 16 and has an upper 



stop surface 10BS which is positioned so as to 
bear against a lower stop surface 10AS of the 
upper chassis part 10 to limit the extent to which 
the two chassis parts can move apart. 

s Trie knee mechanism also includes a piston 

and cylinder assembly 26 with a cylinder body 28, 
a main piston 30, and a hollow piston rod 32. The 
latter is secured to the rear pivot pin 24 between 
the cam plates 1 0AC, while the cylinder body has 

to pivot axles 34 projecting from its lower end for 
pivotal housing in the shin 14 of the limb. In this 
embodiment of the invention the upper end of the 
shin 14 has two side pfeces 14S attached to a knee 
axis bearing pin 36 housed In the lower chassis 

is part 103. Consequently, the piston and cylinder 
assembly 26 forms one side of a triangle defined 
by the knee axis pin 38. the rear pivot pin 24 and 
the pivot axles 34. 

As the knee flexes, the piston 30 moves down- 

20 wardly in the cylinder body 28- When the amputee 
applies weight to the leg, a longitudinally directed 
force on the shin 14 is applied to the knee axis 
bearing pin 36. causing the lower chassis part 10B 
to move towards the upper chassis part 10A pre- 
ss vided that the force is sufficient that the spring 
stack 16 can be compressed. As a result the upper 
end of the piston rod 32, secured to the rear pivot 
pin 20, moves upwardly between the cam plates 
10AC. The piston rod 32 houses a slidable coaxial 

30 control rod 3d acting as a vatve control member for 
a valve 40 housed in the main piston 30. 

The upper end ol the control rod 3B carries a 
cross pin 3fiA which penetrates the wall of the 
piston rod 32 through slots 42 to emerge on both 

35 sides adjacent cam surfaces 10CS of the cam 
plates 10AC- in fact, a spring 44 inside the piston 
rod 32 biases the control rod 38 upwardly into 
contact with the cam surfaces IOCS so that as the 
knee flexes the pin 38A follows the cam surfaces 

4> providing it does not reach the ends of the slots 42. 
K will now be understood that upward movement of 
the lower chassis part 10B due to application of the 
amputee's weight causes downward movement of 
the control rod 38 with respect to the piston 30. A 

45 valve member 40A secured to the lower end of the 
control rod 3B is arranged to close off progres- 
sively passages 30P connecting one side of the 
piston 30 to the other as the control rod 38 moves 
downwardly In the piston rod 32. thereby restricting 

so fluid flow through the piston 3D to the extent that, 
when the valve 40 Is fully closed, an hydraulic lock 
results, thereby locking the knee. 

The relative positions of the pivots defined by 
pins 16, 36 and 24, together with the position and 

ss stiffness of the spring stack 18. determine the 
locking characteristics of the mechanism. In this 
embodiment the front pivot, defined by pin 16, is in 
front of the knee axis by a predetermined distance 
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with tho result that tho tower chassis part 10B will 
tend to move towards the upper chassis part 10A 
so long as there is a resultant reaction force from 
the ground through the foot and directed to the rear 
of tho front pivot. Provided then that tho predeter- 
mined distance Is sufficiently largo and the spring 
stack stiffness is sufficiently low, upward movement 
of the lower chassis part will occur and the control 
rod 3d in the piston and cylinder assembly 2G will 
move to restrict and, in the limit, prevent knee 
flexion. In practice, the reaction force satisfies 
these conditions during the major part of the stance 
phase, In fact from heel contact to shortly before 
toe-off. 

As the amputee's body moves forward over the 
foot, thB resultant reaction forcB is directed along a 
line which is moving progressively further forward 
until the moment on the lower chassis part due to 
the applied load is insufficient to overcome the 
biasing force of the spring stack, and the stance 
control resistance consequently diminishes until it 
Is removed altogether before toe-off. 

Preferably, the mechanism is arranged such 
that application of a hip torque tending to extend 
the knee when the leg is bearing the amputee's 
weight causes the lower chassis part 10B to move 
away from the upper chassis part 1 0A so as to 
remove the stance control resistance and allow 
knee extension. In some circumstances, however, 
such a characteristic is difficult to achieve and a 
non-return valve (not shown) may be included as- 
sociated with the piston 30 to provide a bypass 
passage from the space above the piston to the 
space below to allow extension of the knee when 
the valve 40 is closed or partly closed. 

The piston and cylinder assembly 26 has a 
secondary piston 46 mounted inside an internal 
secondary cylinder 48. This secondary piston 46 is 
fixed to the same piston rod 32 as the main piston 
30 and they therefore move together. Passages 50 
connect the fluid spaces 52, 54 on either side of 
the secondary piston 46, In fact, the walls of the 
secondary cylinder 48 are perforated at various 
longitudinal positions, the apertures 52 so formed 
connecting with the passages 50 leading to one 
end or other of the cylinder 48 via non-return 
valves 54. The arrangement is such that on a 
downward stroke of the piston 46. resistance to 
movement of the piston at any given position in its 
stroke Is governed by the total orifice area defined 
by those of thB apertures 52 which remain uncov- 
ered below the piston and which connect via pas- 
sages 50 to the top Of the cylinder 48. Similarly, on 
the upward stroke, at any point in the stroke the 
resistance is governed by the orifice area repre- 
sented by the uncovered apertures 52 above the 
piston 46 and connected via passages 50 to the 
bottom end of the cylinder 48. II will be appre- 



ciated that by selecting the sizes and positions of 
the perforations, the resistance to movement can 
be varied so as to be different at different parts of 
the upward stoke and the downward stoke respec- 
& lively. 

Since the operation of the secondary piston 46 
and cylinder 48 Is Independent of the position of 
the valve 40. they resist flexion and extension 
regardless of whether the leg Is weight-bearing or 
10 not. In effect they operate as a swing phase control 
device. 

Under certain conditions the pivoting force ap- 
plied to the lower chassis part 10B due to resis- 
tance on the secondary piston 46 during flexion of 

ts the knee may bo sufficient to compress the spring 
stack 10 and thereby activate the hydraulic lock. 
This is most likely to occur at or shortly after toe- 
off. To avoid such lock activation, the cam surfaces 
10CS are shaped so that their radius with respect 

20 to the axis of the rear pivot pin 24 is reduced for 
angles of flexion greater than about 30* to 40 * 7 
preferably 35" - The reduction in radius Is arranged 
to prevent significant movement of the control rod 
38 when the chassis parts 10A and 1 0B move 

25 together and when the flexion angle is greater than 
this amount This prevents an adverse effect of the 
main piston 30. the function of which is stance 
control, on swing control- 

During the initiation of flexion prior to toe-off. 

oo the stance control resistance, i.e. the hydraulic 
lock, is normally progressively removed as weight 
is transferred to the other leg. This normally occurs 
well below the 35* flexion angle referred to above. 
To avoid any unwanted hindering of such removal 

36 of stance control due to forces generated by the 
secondary piston 46, the function of which is swing 
control, a passage 56 opens out into the upper part 
of the wall of the cylinder 48 to provide a large 
orifice area at the beginning of the downward 

40 stroke of the piston 46. The passage 56 links the 
cylinder space below the piston 46 to the space 
above the piston either directly, as shown in figure 
1, or via a non-return value if cushioning towards 
the end of the extension stroke is to be retained. 

45 As a result, the resistance to flexion provided by 
the piston 46 during the initiation of flexion, prefer- 
ably during the first 35' of flexion, Is very low, and 
resistance is provided mainly by the main piston 
30 subject to weight-activation via control rod 3B. 

so Thus, the swing control is prevented from adverse- 
ly affecting the stance control. 

The result of these measures is that stance 
control is largely separated from swing control, at 
least during flexion, to avoid unwanted operation of 

55 the stance control mechanism. This is shown dla- 
grammatically in Figure 8. During flexion when the 
knee flexion angle is In a first knee flexion angle 
range, typically between 0* and 35* flexion, only 
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the stance control mechanism (including main pis- 
ton 30) is operative, expanding on tha loads ap- 
plied to the leg. Tfie swing control mechanism 
(Including piston 46) js substantially Ineffective in 
this range. In the latter stag© of flexion, when thB 
flexion angle is within a second knee flexion angle 
range, typically extending upwards from 35 \ the 
stance control mechanism Is largely Inoperative 
due to the profile of the cam surface IOCS, and 
flexion is resisted only by the swing control mecha- 
nism. On extension, resistance to movement is 
exclusively provided by the swing control mecha- 
nism throughout both knee flexion angle ranges, as 
shown in Figure 8. 

The knee mechanism described above may 
incorporate a stance cushioning device as shown In 
Figures 1 and 9. In this case the thigh component 
12 is connected to a top plate 58 which is hinged 
at Its anterior edge to the upper chassis part 10A 
by a pivot pin 60. A buffer 62 or spring is placed 
between the posterior portion of the plate SQ and 
the upper chassis part 10A. Such a combination 
allows some flexion at the knee while the knee 
mechanism is locked during the stance phase. 
Comparison of Figures i and 9 shows not only the 
compression of the buffer B2 in the weight-bearing 
condition, but also the relative approaching move- 
ment of the chassis parts 10A. 10B and the opera- 
tion of the cross pin 38A. 

Depending on the degree of stance cushioning 
required, it is possible for the spring stack IB 
(Figures 1 and 5) to act as a cushioning device as 
well as a means of releasing the control rod 38 
(Figures 1 and 7). In other words, a single pair of 
relatively movable portions and a single resilient 
element may perform both functions, In contrast to 
the arrangement shown in Figures 1 and 0. 

Claims 

1. An artificial leg characterised by: 

an upper leg component. 

a lower leg component, 

knee pivoting means pivotally coupling the 
lower leg component to the upper leg compo- 
nent to permit knee flexion and extension 
movements. 

an hydraulic piston and cylinder assembly 
coupled between the upper and lower leg com- 
ponents to resist at least said flexion move- 
ment during the stance phase, and 

automatic control means for altering the 
degree to which the piston and cylinder as- 
sembly resists the flexion movement, 

wherein one of the leg components in- 
cludes at least two portions, one of which is 
coupled to the other of the leg components by 
the knee pivoting means and is movable rela- 



tive to the other of the said two portions in 
response to the application of an axial load to 
the one leg component, and 

wherein the control means are responsive 

s to the relative movement of the said leg com- 

ponent portions to Increase the resistance of 
the piston and cylinder assembly to the flexion 
movement when the knee flexion angle is with- 
in a first knee flexion angle range, but are 

io unresponsive or responsive to a lesser degree 
when the knee flexion angle is within a second 
knee flexion angle range which is above the 
first angle range. 

is 2. An artificial leg according to claim 1, charac- 
terised in that the piston and cylinder assem- 
bly has two ends each pivotally connected to a 
respective one of the leg components, wherein 
that end of the assembly which is connected to 
20 the one leg component is pivotally secured to 

the one leg component portion, and in that the 
control mechanism Includes a control member 
forming part of the piston and cylinder assem- 
bly and arranged to engage the other leg com- 
as ponent portion. 

3. An artificial leg according to claim 1 or claim 2, 
characterised in that the said one leg compo- 
nent portion Is pivotally attached to the said 

3D other leg component portion by means of an 
anterior pivotal connection, and in that the pis- 
ton and cylinder assembly has two ends one 
of which is pivotally connected to the said one 
leg component portion by means of a posterior 

35 pivotal connection and the other of which Is 

pivotally connected to the said other leg com- 
ponent. 

4. An artificial leg according to any preceding 
40 claim, further characterised by a resilient ele- 
ment coupling the two leg component portions 
and arranged to resist the load-responsive rela- 
tive movement of the two portlons. 

<s 5. An artificial leg according to claim 1, charac- 
terised In that: 

the said one leg component is the upper 
leg component. 

the said one leg component portion is a 
so knee joint carrier, the knee pivoting means 

comprising a fixed pivot joint carried by the 
knee joint carrier and defining a knee axis of 
rotation, 

the knee Joint carrier is pivotally attached 
55 to the said other leg component portion by 
means of a pivotal connection spaced from the 
knoe axis, and 

the upper leg component includes a resil- 
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rant element arranged to be compressed when 
the knee joint carrier moves relative to the safd 
other portion of the two leg component por- 
tions upon application of an axial load. 

6, An artificial leg according to claim 5, charac- 
terised in that: 

the piston and cylinder assembly has two 
ends each pivotally connected to a respective 
one of the leg components. 

the pivotal connection between the said 
portions of the said upper leg component de- 
fines a pivot axis substantially parallel to and to 
the anterior of the knee axis, 

that end of the piston and cylinder assem- 
bly connected to the upper leg component is 
pivotally connected to the knee joint carrier to 
the posterior of the knee joint axis, and 

the control means include a control mem- 
ber which forms part of the piston an cylinder 
assembly and which is engaged by the other 
portion of the said upper leg component por- 
tions adjacent the pivotal connection of the 
piston and cylinder assembly to the knee car- 
rier. 

7, An artificial leg according to claim 6. charac- 
terised in that the control member is asso- 
ciated with a control rod running parallel to a 
piston rod of the piston and cylinder assembly, 
the control rod being coupled to a valve In tho 
assembly for restricting fluid flow in the as- 
sembly. 

8, An artificial leg according to any of claims 5 to 
7. characterised in that said other portion of 
said two leg component portions is itself pivot- 
ally attached by means of an anterior pivot 
connection to a third portion of the upper leg 
component located proximaiiy with respect to 
the said one and the said other portions, the 
third portion being resiliency coupled to the 
other portion to the posterior of said anterior 
pivot connection to provide knee resilience 
during the stance phase. 

9, An artificial leg according to any preceding 
claim, characterised in that the piston and cyl- 
inder assembly includes means for resisting 
flexion movement of the lower leg component 
relative to the upper leg component during the 
swing phase. 

10, An artificial teg according to claim 9, charac- 
terised by means for reducing the resistance 
of the piston and cylinder assembly to flexion 
movement during the swing phase when the 
knee flexion angle Is within the first angle 
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range In comparison to the resistance to swing 
phase flexion when the flexion angle Is within 
the second angle range. 

g 11. An artificial leg according to claim 10. charac- 
terised in that the first and second angle 
ranges extend respectively befow and above a 
predetermined knee flexion angle in the region 
of 30" to 40*. 

10 

12. An artificial leg according to claim 11, charac- 
terised in that the means for reducing resis- 
tance to flexion comprises at least one transfer 
passage in the piston and cylinder assembly, 
75 which passage is restricted when the flexion 

angle is greater than the predetermined angle. 

is. An artificial leg according to any preceding 
claim, characterised In that the control means 
20 include means for progressively reducing said 
resistance to flexion movement with increasing 
angles of knee flexion. 

14- An artificial teg according to claim 1. charac- 
25 terised in that 

the piston and cylinder assembly has two 
ends each pivotally connected to a respective 
one of the leg components. 

that end of the assembly which is con- 
so nected to the one teg component is pivotally 
connected to one of the said leg component 
portions, 

the control means include (1) a control 
member which forms part of the piston and 

ss cylinder assembly and which Is arranged to 
engage the other of the said leg component 
portions, and (ii) a cam associated with the 
other of the said leg component portions and 
shaped to reduce the resistance to flexion with 

4p increasing knee flexion angle. 

15. An artificial leg according to claim 14, charac- 
terised In that 

said piston and cylinder assembly is coup- 
45 led to the one leg component by a piston rod 
of the assembly. 

said control member extends transversely 
from the piston rod and is associated with a 
control rod running parallel to the piston rod 
so and coupled to a valve for restricting fluid now 
in the assembly, and 

the cam is located alongside the piston 
rod to engage the control member* 

55 16. A knee mechanism for rotatably connecting a 
shin component of an artificial leg to a thigh 
component of the leg. characterised in that the 
mechanism comprises: 
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a first part for connection to one of the 
components, 

a second part movable relative to trie first 
part in response to the application of a load to 
the one component, the load being directed 5 
axiatly of the component 

knee pivoting means for pivotaliy coupling 
the second part to the other of the compo- 
nents, 

an hydraulic piston and cylinder assembly 10 
coupled to one of the said parts and arranged 
to be coupled to the other component for re- 
sisting flexion movement of the one compo- 
nent relative to the other component during the 
stance phase, and 75 

automatic control means for altering the 
degree to which the piston and cylinder as- 
sembly resists the flexion movement, 

wherein the control means are responsive 
to the relative movement of the first and sec- 20 
ond parts of the mechanism to increase the 
resistance of the piston and cylinder assembly 
to the flexion movement when the knee flexion 
angle of the one component with respect to the 
other component is within a first knee flexion 25 
angle range, but are unresponsive or respon- 
sive to a lesser degree when the knee fiexion 
angle is with a second Knee flexion angle 
range which is above the first angle range. 

17. An artificial leg characterised by: 

an upper leg component; 

a tower (eg component, 

knee pivoting means pivotally coupling the 
lower leg component to the upper leg compo- 35 
nent to permit knee flexion end extension 
movements, 

an hydraulic piston and cylinder assembly 
coupled between the upper and lower leg com- 
ponents to resist at least the flexion movement 40 
during the stance phase, and 

automatic control means for altering the 
degree to which the piston and cylinder as- 
sembly resists the flexion movement 

wherein one of the said leg components 4$ 
includes at least two portions, one of which is 
coupled to the other of the said leg compo- 
nents by the knee pivoting means and is mov- 
able relative to the other of the two portions In 
response to the application of an axial load to 50 
the one fag component, 

wherein the piston and cylinder assembly 
has two ends each pivotally connected to a 
respective one of the leg components, and 
wherein that end of the assembly which is 55 
connected to the one leg component is pivot- 
ally connected to the said one leg component 
portion; and 



wherein the control means are responsive 
to the load-responsive relative movement of 
the two log component portions to increase the 
resistance of the piston and cylinder assembly 
to the flexion movement 

16, An artificial leg according to claim 17, charac- 
terised In that the said one leg component 
portion is pivotally attached to the said other 
leg component portion by means of an anterior 
pivotal connection, and in that the piston and 
cylinder assembly has two ends one of which 
is pivotally connected to the knee joint carrier 
by means of a posterior pivotal connection and 
the other of which is pivotally connected to the 
said other leg component 

19. An artificial log according to claim 18, charac- 
terised in that: 

the one leg component is the upper leg 
component, 

the one leg component portion is a knee 
Joint carrier, the knee pivoting means compris- 
ing a fixed pivot joint carried by the knee Joint 
carrier and defining a knee axis of rotation, 

the knee joint carrier is prvoteily attached 
to the other leg component portion by means 
of a pivotal connection spaced from the knee 
axis, and 

the upper leg component includes a resil- 
ient element arranged to be compressed when 
the knee joint carrier moves relative to the said 
other portion of the said leg component por- 
tions upon application of an axial load- 

20. An artificial leg according to claim 19, charac- 
terised in that the knee axis is between the 
anterior and the posterior connections. 
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